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Research in North America has shown that sunfl ower 

can be successfully grown in the Midwest, northern states, 

and in Canada (Angadi and Entz, 2002a, 2002b; Johnston et 

al., 2002). Th e U.S. sunfl ower production is concentrated in 

North Dakota, South Dakota, Colorado, Kansas, Minnesota, 

Nebraska, and Texas (Johnston et al., 2002; NASS, 2006). 

Due to the well developed and deeply penetrating root system 

of this crop (Jaafar et al., 1993; Nielsen, 1998; Angadi and 

Entz, 2002a, 2002b; Stone et al., 2002), once established, 

sunfl ower is considered relatively drought tolerant (Robinson, 

1978; Lindstrom et al., 1982; Stone et al., 2002) and uses soil 

nutrients effi  ciently (Connor and Hall, 1997; Valchovski, 

2002). Hence, sunfl ower is usually grown in a rainfed sys-

tem, and in some areas of the world (for example, Argentina), 

with no addition of fertilizers (Mercau et al., 2001; Ruiz and 

Maddonni, 2006).

Sunfl ower oil has a wide range of applications, such as in the 

food industry, in commercial products, or in biodiesel produc-

tion (Arkansas Biofuel Enterprises, 2007; National Sunfl ower 

Association, 2007). Th e fatty acid composition of vegetable oils 

infl uences their functional and nutritional properties (Warner 

et al., 2003; Burton et al., 2004) and determines their uses. Th e 

fatty acid composition of sunfl ower oil depends on genetic and 

environmental conditions (Robertson et al., 1978; Lajara et al., 

1990; Miller and Vick, 1999; Sobrino et al., 2003). Sunfl ower 

seed contain up to 90% unsaturated fatty acids (combined 

oleic and linoleic), and approximately 10% saturated fatty acids 

(palmitic and stearic) (Steer and Seiler, 1990). Depending on 

fatty acid composition, sunfl ower can be divided into tradi-

tional sunfl ower with oleic acid content of 14 to 39% of the 

oil, mid-oleic acid sunfl ower (42–72% oleic acid content, also 

called NuSun, Mycogen, Breckenridge, MN, in the United 

States), and high-oleic acid sunfl ower (75–91% oleic acid) 

(Codex Alimentarius Committee, 2005). Consumers value 

mid-oleic and high-oleic acid sunfl ower because of their proven 

health benefi ts (Jing et al., 1997; Krajcovicova-Kudlackova 

et al., 1997; Hu et al., 2001). Hence, breeders have recently 

developed several mid- and high-oleic acid sunfl ower hybrids 

(Hardin, 1998; Kleingartner, 2002; Burton et al., 2004). Oleic 

acid and saturated fatty acids are desirable in frying, because 

unlike polyunsaturated fatty acids, they do not need to be 

hydrogenated. High- and mid-oleic sunfl ower oils are heart-

healthy, with high stability in frying applications, and have a 

long shelf life, which makes the oil a valuable all-purpose com-

modity for the nearly 3 billion kg per year market of frying oils 

(Warner et al., 2003).
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Although sunfl ower oil is known mainly as an edible oil 

for human nutrition, it can also be used for biodiesel produc-

tion. Biodiesel is one of the renewable fuels that is produced 

mainly from soybean [Glycine max(L.) Merr.], canola (Brassica 
sp.), sunfl ower, and other oilseed crops (National Sunfl ower 

Association, 2007). According to the USDA, biodiesel off ers 

environmental, economic, and national security benefi ts 

(National Sustainable Agriculture Information Service, 2007). 

With the acceptance of biodiesel as a replacement for petro-

leum-based fuel, growers in the southeastern United States 

have been looking for an opportunity to tap into this rapidly 

expanding market. Th e U.S. biodiesel demand increased by 

more than 400 times from 1999 to 2006 (National Sunfl ower 

Association, 2007). Most areas in Mississippi have spring-

planted row crops, with signifi cant expertise and equipment for 

growing the row crops. Sunfl ower has been shown to fi t well 

into cereal-based rotations (Halvorson et al., 1999). Sunfl ower 

for biodiesel production was evaluated earlier in Florida within 

the low energy technology (LET) concept (Green et al., 1980, 

1981, 1982) but has not been explored in Mississippi.

Th ere is potential for sunfl ower (for production of cooking 

oil or biodiesel) to fi t into some of the traditional cropping 

systems and subsequently to improve economic sustainability 

of agriculture in Mississippi. Th ere is insuffi  cient research on 

the eff ect of N and cultivar in the southern states with respect 

to productivity, oil content, and fatty acid profi le of sunfl ower 

oil. No research on these characteristics has been reported for 

Mississippi conditions. Our hypothesis was that sunfl ower 

can be grown under Mississippi environmental conditions 

for cooking oil or biodiesel production, and both N rates and 

hybrids will have an eff ect on seed yield, oil content, and fatty 

acid composition. Th e objective of the research was to evalu-

ate the eff ect of N, hybrid, and their interaction on yield, oil 

content, and composition of sunfl ower seed at fi ve locations in 

Mississippi.

MATERIALS AND METHODS
Field Experiments

A fi eld experiment was conducted during the 2006 crop-

ping season at fi ve locations in Mississippi (Newton, Starkville, 

Stoneville, and two locations in Verona) to evaluate the eff ect 

of hybrid (DKF3875, DKF2990, DKF3510, and DKF3901) 

and N application (0, 67, 134, and 202 kg ha–1) on sunfl ower 

seed yield, oil content, and fatty acid composition. Certifi ed 

seed of the four hybrids, produced in Woodland, CA, were 

provided by Monsanto Co., (St. Louis, MO). According to 

DeKalb (2007), DKF3875 is a traditional type; DKF2990 is 

traditional, downy mildew resistant; DKF3510 is mid-oleic 

acid (NuSun), downy mildew resistant; and DKF3901 is tradi-

tional, downy mildew resistant (DeKalb, 2007).

Th e fatty acid composition of the seed oil of the four hybrids 

resulted from the infl uence of both the hybrid genotype 

and the environment of the hybrid seed production fi elds in 

Woodland, CA. Five locations (Fig. 1) were chosen to repre-

sent major growing areas and diff erent soil types of Mississippi 

(Table 1). All fi ve sites had diff erent soil types (Table 1) (U.S. 

Department of Agriculture, Soil Survey Division, Natural 

Resources Conservation Services, 2001).

Nutrient Analyses of Soil
Soil samples were taken before seeding at the fi ve locations. 

Air-dried and ground soil samples were extracted using the 

Lancaster soil test method (Cox, 2001) at the Mississippi 

State University Soil Testing and Plant Analyses Laboratory. 

Concentrations of nutrients in soil were measured by an induc-

Table 1. Selected initial soil characteristics (0–15 cm), the concentration of extractable nutrients in the soil from the fi ve locations 
in Mississippi.

Location Soil type pH OM† P K Ca Mg Zn S Na
% kg ha–1

Newton Prentiss fi ne sandy loam (coarse-loamy, siliceous, 
semiactive, thermic, Glossic Fragiudults)

6.9 0.87 132 147 1486 198 1.6 140 52

Starkville Marietta fi ne sandy loam (fi ne-loamy, siliceous, 
active, thermic Fluvaguentic Eutrudepts)

5.0 1.17 145 88 560 39 4.1 168 97

Stoneville Bosket very fi ne sandy loam (fi ne-loamy, 
mixed, active, thermic Mollic Hapludalfs)

5.1 1.11 192 599 2006 342 4.8 172 112

Verona 1 Catalpa silty clay loam (fi ne, montmorrillonitie, 
thermic, Fluvaguentic Halludolls)

7.1 1.81 120 278 4424 150 2.0 292 105

Verona 2 Quitman sandy loam (fi ne-loamy, siliceous, 
semiactive, thermic, Aquic Paleudult)

5.9 1.07 112 239 1923 115 1.8 176 76

† OM = Organic matter.

Fig. 1. Map of Mississippi with indication of the counties. 
The field experiments with the four sunflower hybrids 
were conducted at the Mississippi Agriculture and Forestry 
Experiment Stations (MAFES) research stations in Newton, 
Starkville, Stoneville, Verona 1, and Verona 2.
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tively coupled argon plasma spectrometer (ICAP) (Th ermo 

Jarrell Ash, Franklin, MA). Phosphorus and K fertilizers were 

broadcast and incorporated in accordance with soil analyses 

and recommendations at each location. Th e fertility additions 

were designed to provide understanding of sunfl ower yield 

response to a range of N rates without limiting eff ects of P or K.

Th e previous crop at each of the fi ve locations was diff erent: 

fallow in Newton, corn in Stoneville and Verona 1, soybean in 

Starkville, and perennial grass in Verona 2 locations. Soil till-

age was as traditional for row crops in the region and included 

disking and formation of raised beds at 97 to 102 cm center to 

center at the beginning of April. Th e raised beds are typically 

used for row crops in the region to improve surface drainage. 

Weed control at all locations was conducted by using preplant 

incorporated (PPI) herbicide Trefl an (DowAgroSciences, 

Zionsville, IN; trifl uralin: α,α,α-trifl uoro-2,6-dinitro-N,N-

dipropyl-p-toluidine) at 4.5 to 5.6 kg ha–1, depending on soil 

type. Th e herbicide was applied aft er the initial formation of 

the raised beds, and then carefully incorporated. Seeding was 

accomplished with a cone planter at 3.8 cm depth, at 97 to 102 

cm interrow space, and a seeding rate to provide 6.4 seed m–1 

of row. Because of diff erences in seed size among the hybrids, 

seeding rate (by weight) was diff erent for each hybrid, but was 

the same for a particular hybrid at every location. Seeding 

rates for the hybrids DKF2990, DKF3510, DKF3875, and 

DKF3901 were 3.47, 5.12, 4.37, and 4.13 kg ha–1, respectively. 

Plots were 6 by 4 m, with four rows in every plot.

Nitrogen [as urea-ammonium nitrate solution (UAN) 32% 

N] was knifed in on either side of the row (20–25 cm from 

row) and was applied in 67 kg ha–1 increments: the fi rst 67 kg 

increment in the 67, 134, and 202 kg ha–1 N treatments was 

applied at the seeding stage; the second application (in the 134 

and 202 kg ha–1 N treatment) was applied a month later in V-4, 

R-1 stage (Schneiter and Miller, 1981), and a third application 

(in the 202 kg ha–1 treatments) a month later aft er the second 

application in R-2 stage (Schneiter and Miller, 1981). With 

respect to diseases, head rot (Rhizopus sp.) was identifi ed; how-

ever, the incidence was very low and did not warrant any treat-

ments. Blackbirds (Agelaius phoeniceus L.) proved to be a major 

pest factor. For control of blackbirds, propane cannons were 

used. Also, stem weevil (Cylindrocopturus adspersus LeConte) 

and head clipping weevil (Haplorhynchites aeneus Boh.) infesta-

tion was found at the two Verona locations only. Hence, sun-

fl ower at Verona was treated with Sevin (80% carbaryl, Lesco, 

Inc., Tjroy, MI) at 1.4 kg ha–1. Harvesting commenced when 

all plants reached harvesting maturity, aft er physiological stage 

R-9 (Schneiter and Miller, 1981), and was accomplished by 

harvesting the two inner rows in each plot. Th reshing was done 

using a stationary thresher (Almaco, LPR-E, Nevada, IA), seed 

moisture was determined using a stationary electronic grain-

moisture tester (Model GAC2000, Dickey-John, Auburn, IL) 

in a 500-g sample from each plot. Seed subsamples (around 100 

g) from each plot at the fi ve locations were further cleaned by 

hand to remove any occasional broken seed or impurities, put 

immediately in a freezer at –20°C for 24 h to prevent disease 

development and kill insects, and then stored in a refrigerator 

at 4°C until further analysis.

Fatty Acid Composition Analysis
Each sample of clean and unbroken seed was ground in a 

Krupps coff ee grinder and a portion (0.15–0.25 g) was added 

to a 13 × 100 mm disposable culture tube. Th ree milliliters of 

a solution of hexane-chloroform-0.5 M sodium methoxide in 

methanol (Sigma, St. Louis, MO) (75:20:5, v/v/v) was added 

to the tube and the mixture was vortexed for 2 to 5 s. Th e 

mixture was settled for 10 min and the upper clear portion was 

transferred to a vial. Th e vial was capped and the sample was 

injected into a Hewlett-Packard Model 5890 gas chromato-

graph containing a DB-23 capillary column (30 m × 0.25 mm, 

J&W Scientifi c, Folsom, CA), which was held at 190°C for 4 

min, then increased to 220°C at 15°C/min, held at 220°C for 1 

min, then increased to 240°C at 25°C/min, and fi nally held at 

240°C for 1.0 min, for a total run time of 8.8 min. Fatty acid 

concentrations are expressed as percent by weight of the total 

fatty acids.

Oil Content Analysis
Oil content of the seed was determined using a 40-mL sam-

ple of cleaned, weighed seed using a Maran Ultra Resonance 

NMR instrument (Resonance Instruments Ltd., Witney, 

UK), following the American Oil Chemists’ Society Offi  cial 

Methods and Recommended Practices, AK4–95 (American 

Oil Chemists’ Society, 1994). Because seeds from diff er-

ent hybrids had various moisture contents, oil contents were 

adjusted to 0% moisture content.

Statistical Methods
For each of the fi ve locations, the design was two-factor fac-

torial in four blocks for yield response, and in three blocks for 

the fatty acid composition responses. Th e factors of interest: 

hybrid with four levels (DKF3875, DKF2990, DKF3510, and 

DKF3901) and N application rate with four levels (0, 67, 134, 

and 202 kg ha–1) were treated as fi xed. Block eff ect was treated 

as random in the Mixed procedure of SAS (SAS Institute 

Inc., 1999). Since the fatty acid compositions for the diff erent 

hybrids of the original certifi ed seed were not uniform (Table 

2), the corrected fatty acid composition responses calculated as 

the diff erence between the measured and the original were ana-

lyzed. Th e implication of this correction is: if a treatment mean 

is positive, then the treatment increases the composition; and if 

it is negative, then the treatment decreases the composition. For 

each response and within each location, the residuals were exam-

Table 2. Mean fatty acid concentration of the original certifi ed 
seed of the four sunfl ower hybrids. The analysis of variance 
and subsequent results in the following tables are based on 
the response measurements minus these values to correct for 
the differences among the hybrids.

Hybrid Palmitic Stearic Oleic Linoleic
Mean, in % of the oil

DKF3875 6.59 4.03 28.56 58.53
DKF2990 6.12 5.12 26.14 59.68
DKF3510 4.16 4.25 85.04   4.29
DKF3901 6.25 5.31 41.73 44.30

Coeffi cient of Variation, %
DKF3875 1.15 2.59 0.80 0.41
DKF2990 1.36 0.90 1.96 0.57
DKF3510 0.42 0.62 0.82 12.23
DKF3901 0.88 1.10 2.34 1.86
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ined to verify normal distribution and constant variance assump-

tion of the error terms as described in Montgomery (2005).

Multiple means comparison was completed for marginally 

signifi cant (P value between 0.05 and 0.1) and signifi cant (P 

value <0.05) eff ects. For the responses with signifi cant or mar-

ginally signifi cant interaction between hybrid and N rate, the 

Least Squares means of all 16 hybrid by N rate combinations 

were compared using the lsmeans statement of Proc Mixed 

with pdiff  option to produce P values for all pairwise diff er-

ences, and then letter groupings generated using 0.01 level of 

signifi cance to protect Type I experimentwise error rate from 

overinfl ation. However, for the responses with nonsignifi cant 

interaction eff ect, but with a signifi cant main eff ect, the Least 

Squares means of the four levels were compared and letter 

groupings generated in the same way using a 0.05 level of 

signifi cance.

RESULTS AND DISCUSSION
Fatty Acid Composition of the 

Original Seed Used in this Study
Th e composition of fatty acids in the original seed diff ered 

among the four hybrids (Table 2). DKF3510 can be character-

ized as a high-oleic sunfl ower, DKF3875 and DKF2990 belong 

to the traditional class of sunfl ower with high polyunsaturated 

fatty acid (linoleic), while DKF3901 is a mid-oleic acid sun-

fl ower, intermediate in both oleic and linoleic acid compared 

to the high/low values in other hybrids (Canadian Food 

Inspection Agency, 2007; Codex Alimentarius Committee, 

2005). If the classifi cation of the National Sunfl ower 

Association (www.sunfl owernsa.org) is followed, DKF3875, 

DKF2990, and DKF3901 would be considered traditional, 

whereas DKF3510 would be high-oleic acid sunfl ower oil 

(National Sunfl ower Association, 2007). Also, DKF3510 had a 

lower than 10% concentration of saturated fatty acids (palmitic 

plus stearic), while the combined concentration of palmitic and 

stearic acids of the other hybrids was >10% of the oil.

Main and Interaction Effects of Hybrid 
and Nitrogen on Measured Responses

Statistical analyses indicated that the interaction eff ect of 

hybrid and N rate was signifi cant on seed yield at the Verona 1 

and Starkville (marginally) locations suggesting that at these 

locations, eff ectiveness of N application depends on the hybrid 

(Table 3). At the Stoneville, Newton (marginally), and Verona 

2 (marginally) locations, the main eff ect of hybrid was signifi -

cant on yields, whereas the main eff ect of N rate was signifi cant 

at Stoneville only (Table 3).

Th ere was signifi cant interaction eff ect of hybrid and N 

rate on the concentration of palmitic acid at the Stoneville, 

Starkville, and the two Verona locations, while hybrid sig-

nifi cantly aff ected this acid only at the Newton location. 

Regarding stearic acid concentration, the main eff ects of both 

hybrid and N rate were signifi cant at the Stoneville, Newton, 

and Verona 2 locations. Th e main eff ect of hybrid was signifi -

cant at Starkville, and there was a signifi cant interaction eff ect 

between hybrid and N rate at the Verona 1 location (Table 3).

Concentration of one of the main fatty acids, oleic, was sig-

nifi cantly aff ected by hybrid at all locations. In addition, oleic 

acid was marginally aff ected by N rate at the Verona 2 location. 

With the exception of the Verona 2 location (where there was a 

marginally signifi cant interaction between hybrid and N rate), 

hybrid was the major modifi er of linoleic acid, the other major 

acid in sunfl ower oil (Table 3).

Hybrid and N rate were signifi cant with respect to oil 

concentration (corrected for 0% seed moisture) at Stoneville, 

Newton, and the Verona 2 location, but only the main eff ect of 

hybrid was signifi cant on oil content at the Verona 1 location 

(Table 3). Th ese results confi rm the general understanding that 

both genotype and environment are major modifi ers of seed oil 

content of sunfl ower (Leon et al., 2003).

Effect of Hybrid on Seed Yields 
in Different Locations

At Stoneville, DKF3510 provided higher seed yields 

compared to DKF3901 or DKF2990 (Table 4). However, 

DKF3875 yielded similarly to DKF3510 and to DKF3901. At 

Table 3. ANOVA P values for the main and interaction effects of Hybrid (H) and N rate (R) on seed yield; and the corrected values 
of palmitic, stearic, oleic, and linoleic fatty acid compositions; and uncorrected Oil0 (% seed oil content calculated for 0% seed 
moisture) from the four sunfl ower hybrids grown at four different N rates at fi ve locations in Mississippi.

Location SV Seed yield Palmitic Stearic Oleic Linoleic Oil0
Stoneville H 0.001† 0.001 0.001 0.001 0.001 0.001
Stoneville R 0.018 0.294 0.001 0.799 0.676 0.001
Stoneville H × R 0.872 0.013 0.285 0.531 0.495 0.504
Newton H 0.079 0.001 0.001 0.001 0.001 0.001
Newton R 0.466 0.306 0.023 0.472 0.327 0.001
Newton H × R 0.269 0.548 0.486 0.561 0.317 0.105
Starkville H 0.003 0.001 0.001 0.001 0.001 0.304
Starkville R 0.020 0.172 0.100 0.289 0.213 0.111
Starkville H × R 0.054 0.038 0.617 0.149 0.115 0.818
Verona 1 H 0.239 0.001 0.001 0.001 0.001 0.001
Verona 1 R 0.001 0.658 0.009 0.825 0.848 0.166
Verona 1 H × R 0.015 0.049 0.012 0.162 0.213 0.318
Verona 2 H 0.086 0.001 0.001 0.001 0.001 0.010
Verona 2 R 0.199 0.035 0.001 0.064 0.036 0.001
Verona 2 H × R 0.613 0.023 0.541 0.119 0.080 0.674
† Values in bold indicate signifi cant or marginally signifi cant effects that needed multiple means comparison.
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Newton, higher yields were provided by DKF3510 with lower 

yields from DKF3901 and DKF3875, whereas yields from 

DKF2990 were not diff erent from the other hybrids. At the 

Verona 2 location, DKF3901 provided greater yields compared 

to DKF2990, while yields from the other two hybrids were not 

signifi cantly diff erent from DKF3901 or DKF2990. Th e above 

results suggest that genotypes (hybrids) can express diff erential 

comparative productivity depending on the local environment 

conditions and soil properties (Table 1).

Effect of Hybrid on Fatty Acid 
Composition and Seed Oil Content

Stearic and Palmitic Acid
Overall, the concentration of stearic acid in sunfl ower grown 

at the Stoneville, Newton, Starkville, and Verona 2 locations 

tended to be lower relative to the respective concentration in 

the original seed (Table 4 and Table 2). DKF3875 provided the 

lowest reduction at all locations. Palmitic acid in all hybrids 

at Newton decreased relative to the original seed. In general, 

reduction of saturated fatty acids (such as stearic) is desir-

able by consumers, although stearic acid is preferred over 

other saturated acids because it may not increase cholesterol 

(Pierson, 1994).

Oleic Acid
With the exception of one hybrid at one location (DKF3510 

at the Verona 2 location), the concentration of oleic acid in 

all hybrids at all fi ve locations increased relative to the oleic 

acid concentration in the original certifi ed seed (Table 4 and 

Table 2). Th is increase in oleic acid actually “transformed” 

traditional sunfl ower hybrids DKF3875, DKF2990, and 

DKF3901 into mid-oleic acid sunfl ower (Codex Alimentarius 

Committee, 2005) or even into NuSun (National Sunfl ower 

Association, 2007), which is a signifi cant 

fi nding. Overall, the increase in oleic 

acid concentration relative to the original 

seed depended on the hybrid: the lower 

the oleic acid concentration in the 

original seed, the higher was the increase 

for oleic acid concentration. Hence, a 

higher increase in oleic acid was found in 

DKF2990, lower in DKF3875, even lower 

in DKF3901 and lowest in DKF3510.

Linoleic Acid
Overall, the linoleic acid decreased 

relative to the respective concentrations 

in the original seed (Table 4 and Table 

2). However, this reduction depended on 

hybrid; and at all locations, whenever there 

was an increase in the oleic acid concentra-

tion, there was a corresponding decrease in 

linoleic acid concentration.

Our results indicate that genotype 

(hybrid) determined the concentration of 

the main fatty acids in sunfl ower oil, oleic 

and linoleic. Indeed, previous research 

demonstrated that the fatty acid profi le 

of sunfl ower oil is genetically controlled 

(Burton et al., 2004). In general, our 

results also support earlier studies that found a strong infl uence 

of environmental conditions on oil profi le (Robertson et al., 

1978). However, this is the fi rst study to demonstrate such a 

dramatic increase in oleic acid content of sunfl owers relative to 

the original seed.

Seed Oil
Seed oil concentration in this study was generally high 

and similar to previous reports (de la Vega and Hall, 2002,; 

National Sunfl ower Assocation, 2007). Seed oil concentra-

tion is important for growers and processors. For example, 

currently, sunfl ower crushing plants in North Dakota and in 

Kansas off er 2% price premium for every 1% oil above 40% 

(National Sunfl ower Assocation, 2007). At the Stoneville 

and Verona 2 locations, DKF2990 and DKF3875 contained a 

greater amount of oil compared to the other two hybrids (Table 

4). However, at Newton, oil content was higher in DKF2990, 

less in DKF3510 and DKF3901, and least in DKF3875. 

Oil content at Verona 1 was highest in DKF2990, less in 

DKF3875, lower in DKF3901 and lowest in DKF3510 (Table 

4). Th e above results suggest that sunfl ower seed oil concentra-

tion depends on genotype (hybrid), but it may be expressed 

diff erentially under diff erent environments.

Effect of N on Seed Yields, Oil Content, 
and Fatty Acid Composition

At Stoneville, seed yields were increased with increased N 

rates at 67 to 202 kg ha–1 (Table 5). At Stoneville, Newton, 

and Verona 2 locations, increasing N rates tended to decrease 

the reduction in the concentration of stearic acid relative to 

the original seed (Table 5). However, the reduction was not 

signifi cantly diff erent for 67 to 202 kg ha–1 N rates. Unlike at 

Table 4. Least squares means together with letter groupings of seed yield; the correct-
ed values of palmaitic, stearic, oleic, and linoleic fatty acid compositions; and uncor-
rected Oil0 (% seed oil content calculated for 0% seed moisture) for the four hybrids 
grown at fi ve locations in Mississippi.

Location Hybrid Seed yield Palmitic Stearic Oleic Linoleic Oil0
kg ha–1 %

Starkville DKF3875 –0.78 a† 19.7 a –17.5 c 47.2 a
Starkville DKF2990 Fig. 2‡ Fig. 3 –2.15 d 20.9 a –18.1 c 47.9 a
Starkville DKF3510 –1.49 c  1.8 c –0.5 a 46.0 a
Starkville DKF3901 –1.18 b 12.2 b –10.5 b 46.1 a
Stoneville DKF3875 2767 ab –1.01 a 27.0 b –24.2 c 45.6 a
Stoneville DKF2990 2304 c Fig. 3 –2.20 c 32.4 a –28.8 d 46.4 a
Stoneville DKF3510 2972 a –1.53 b  0.5 d  0.8 a 43.6 b
Stoneville DKF3901 2652 b –1.63 b 17.2 c –14.8 b 44.1 b
Newton DKF3875 1385 b –1.33 d –0.15 a 11.0 b –11.9 b 39.2 c
Newton DKF2990 1428 ab –0.96 c –2.06 c 23.1 a –21.3 c 43.5 a
Newton DKF3510 1551 a –0.25 a –1.08 b  0.9 c –0.3 a 41.9 b
Newton DKF3901 1349 b –0.67 b –0.96 b  1.9 c – 2.5 a 41.7 b
Verona 1 DKF3875 16.4 b –14.9 c 51.2 b
Verona 1 DKF2990 Fig. 2 Fig. 3 Fig. 4 28.2 a –24.6 d 52.3 a
Verona 1 DKF3510  2.8 d –0.6 a 48.3 d
Verona 1 DKF3901  9.3 c –7.4 b 49.6 c
Verona 2 DKF3875 1122 ab –0.78 a 19.8 b 43.1 a
Verona 2 DKF2990  922 b Fig. 3 –2.15 d 24.2 a Fig. 4 42.5 a
Verona 2 DKF3510 1107 ab –1.49 c –0.1 d 40.5 b
Verona 2 DKF3901 1220 a –1.18 b  8.7 c 40.4 b
† Within each location, means followed by the same letter are not signifi cantly different at the 0.05 level.

‡ A fi gure number indicates that the interaction between Hybrid and N Rate was signifi cant, and that the mul-
tiple means comparison results are shown in fi gures.
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the other locations, the application of N at a higher rate signifi -

cantly increased oleic acid at the Verona 2 location.

In general, results from the three locations (Stoneville, 

Newton, and Verona 2) suggest that higher N rates may 

decrease the oil content in seed (Table 5). However, because of 

the higher yields, oil yields per area were greater with higher N 

rates (data not shown). Oil yield (calculated from seed yields 

and oil content) varied between 406 and 1166 kg ha–1 (483 

and 1388 L ha–1) for diff erent N treatments (data not shown). 

Calculated biodiesel oil per area (calculated from the oil yield 

multiplied by 0.8) ranged from 386 to 1110 L ha–1 (41–119 

gallon/acre). Th e calculated biodiesel oil in this study is similar 

to values reported by others (Halvorson et al., 1999; Arkansas 

Biofuel Enterprises, 2007; National Sunfl ower Association, 

2007), suggesting sunfl ower may be a viable crop for biodiesel 

production in Mississippi.

Th e above results suggest that genotypes react diff erently to 

the environmental conditions in diff erent areas of Mississippi 

with respect to oleic and linoleic acid concentration, and fatty 

acid composition in general. Sunfl owers grown in Mississippi 

would generally increase the accumulation of oleic acid of tra-

ditional sunfl ower and “transform” them into mid-oleic acid or 

NuSun hybrids (National Sunfl ower Association, 2007). Th is 

may improve marketability of sunfl ower seed oil produced in 

Mississippi because consumers value high-oleic acid sunfl ower 

seed. Reducing the concentration of saturated fatty acids in 

vegetable oils is preferred by consumers and has promoted 

breeding programs for low stearic and palmitic acid sunfl ower 

(Burton et al., 2004; Miller and Vick, 1999). As expected, the 

increase in oleic acid causes a corresponding reduction in the 

accumulation of linoleic acid in sunfl ower oil. Th e increase in 

oleic acid from north to south latitude and the corresponding 

reverse trend in linoleic acid has been reported by Robertson 

et al. (1978). Th e same authors found that latitude had limited 

eff ect on saturated fatty acid concentration in sunfl ower oil. 

Similar results on the eff ect of climatic conditions and latitude 

on linoleic acid were reported by Lajara et al. (1990). Sobrino 

et al. (2003) developed models to explain and predict oleic acid 

concentration in sunfl ower oil as a function of geographic and 

climatic conditions. Th ey reported temperature during devel-

opment and maturation of sunfl ower achenes is one of the most 

important factors for production of oleic acid. Izquierdo et al. 

(2006) also developed a model for predicting fatty acid com-

position in sunfl ower. Th ey found that during the 100 to 300 

degree-days (above 6°C) aft er fl owering, the minimum night 

temperatures accounted for most of the variability of oleic acid 

concentration.

Interaction Plots
Interaction plots of hybrid by N application rate revealed that at 

the Starkville location, N rates at 202 kg ha–1 increased yields from 

DKF3510, but did not aff ect yields for DKF3875 or DKF2990 

(Fig. 2). Nitrogen at 67 and 134 kg ha–1 rates decreased yields of 

DKF3901. Yields at 202 kg ha–1 increased relative to the 67 kg 

ha–1 N rate, but were not diff erent from the 0 kg ha–1 or the 134 

kg ha–1 rates. At the Verona 1 location, N application in general 

increased yields in all hybrids (Fig. 2). Yields from DKF3875 and 

DKF3510 increased correspondingly in the 67 rate and then in 

the 134 kg ha–1 N rates, but further N increase did not result in 

a corresponding yield increase. For DKF2990, higher yields were 

achieved in the 67 kg ha–1 rate, but further N increase did not 

bring a corresponding yield increase. It has been demonstrated 

that sunfl ower is a good N scavenger and may require relatively 

low N fertilizer application rates (34 kg N ha–1) to provide good 

yields (Halvorson et al., 1999). Hence, in some countries sunfl ower 

is grown with no addition of fertilizers (Mercau et al., 2001; Ruiz 

and Maddonni, 2006). Seed yields at the Verona 1 location were 

high and similar to sunfl ower yields reported in the literature 

(Halvorson et al., 1999; de la Vega and Hall, 2002). Overall, seed 

yields in this study at four of the locations were similar or much 

exceeded the average sunfl ower yields in the United States for the 

2001–2006 period, which varied between 1280 and 1750 kg ha–1 

(National Sunfl ower Association, 2007).

At Stoneville, N at 134 and 202 kg ha–1 increased the concen-

tration of palmitic acid in DKF3901, but not in other hybrids 

(Fig. 3). At Starkville, increased N rates did not change palmitic 

acid concentration in oil (Fig. 3). At the Verona 1 location, N 

rates at 134 and 202 kg ha–1 increased palmitic acid in the oil of 

DKF3875, and N rate at 202 decreased palmitic acid in DKF2990 

relative to the 0 kg N ha–1. However, at the Verona 2 location, 

N rates at 134 and 202 kg ha–1 decreased palmitic acid in the 

Table 5. Least squares means together with letter groupings 
of yield (kg ha–1), and the corrected values of stearic and oleic 
fatty acid compositions and uncorrected Oil0 (% seed oil con-
tent calculated for 0% seed moisture) for the four N rates at 
Stoneville, Newton, and Verona 2 locations in Mississippi.

Location N rate Yield Stearic Oleic Oil0
kg ha–1 %

Stoneville 0 2435 b† –1.78 b 46.9 a
Stoneville 67 2 835 a –1.60 a 44.8 b
Stoneville 134 2682 ab –1.48 a 44.0 b
Stoneville 202 2743 a –1.51 a 43.9 b
Newton 0 –1.24 b 43.1 a
Newton 67 –1.07 ab 42.5 a
Newton 134 –1.01 a  40.5 b
Newton 202 –0.92 a 40.4 b
Verona 2 0 –1.82 c 11.1 b 48.1 a
Verona 2 67 –1.50 b 12.2 ab 46.2 b
Verona 2 134 –1.22 a 13.9 ab 43.7 c
Verona 2 202 –1.21 a 15.4 a 44.4 c
† Within each location, means followed by the same letter are not signifi cantly 
different at the 0.05 level.

Fig. 2. Interaction plot of mean yield versus N rate for the four 
hybrids at the Starkville and Verona 1 locations. Within each 
location, means sharing the same letter are not significantly 
different at the 0.01 level of significance.
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oil of DKF3875 relative to the 0 kg N ha–1. Also in 

DKF2990, N at 202 kg ha–1 decreased palmitic acid 

relative to the 0 kg N ha–1 treatment (Fig. 3).

At the Verona 1 location, N at 202 kg ha–1 reduced 

stearic acid in DKF3875 relative to the 0 kg N ha–1 

and the 67 kg N ha–1 rates (Fig. 4). Nitrogen at 67 and 

134, but not at 202 kg N ha–1 rate, reduced stearic acid 

in DKF3901. Furthermore, N at 67 kg ha–1 decreased 

stearic acid in DKF2990 relative to the 0 kg ha–1 rates. 

At the Verona 2 location, N at 134 and 202 kg ha–1 

rates reduced linoleic acid in DKF3875 and DKF2990 

relative to the respective 0 kg ha–1 N rate (Fig. 4).

CONCLUSION
Overall, this study demonstrated sunfl ower could 

be a viable crop in Mississippi with yields compara-

ble to other regions of the United States. Generally, 

increasing N rates reduced seed oil concentration 

but increased seed yields and subsequently oil yield 

per area. In most cases, N rate, hybrid, or N by 

hybrid interaction resulted in altered fatty acid pro-

fi le of sunfl ower oil compared to the composition 

of the planted seed, with the eff ects being diff erent 

at the diff erent locations. Overall, fatty acid com-

position depended mainly on genotype (hybrid). 

Increased N application rates increased oleic acid 

concentration of the four hybrids in the Verona 2 

location and decreased stearic acid concentration in 

the Stoneville, Newton, and Verona 2 locations.

Th e increase in oleic acid content in sunfl ower 

grown in Mississippi (relative to the original seed) 

could be used as a marketing tool, because oleic acid 

has been shown to have nutritional benefi ts and 

to reduce coronary heart disease (Jing et al., 1997; 

Krajcovicova-Kudlackova et al., 1997; Hu et al., 

2001). Th e U.S. Department of Agriculture dietary 

recommendations call for a reduction of satu-

rated fatty acids by the American consumer (U.S. 

Department of Agriculture, Human Nutrition 

Information Service, 1992). Also, high-oleic acid 

sunfl ower oil does not need to be hydrogenated when used 

as a frying oil, which off ers signifi cant advantages over the 

use of other vegetable oils such as soybean, canola, and tradi-

tional low-oleic acid sunfl ower (Kleingartner, 2002; National 

Sunfl ower Association, 2007). Although linoleic acid is valu-

able for the paint industry and has also been recognized to have 

health benefi ts, it may be less important than high-oleic acid, 

since other less expensive vegetable oils [soybean and corn (Zea 
mays L.)] are also high in linoleic acid and have an established 

status on the American market (Kleingartner, 2002). Hence, 

the high-oleic acid of sunfl ower oil translates into improved 

health and frying advantages. Our preliminary data demon-

strated that sunfl ower production in Mississippi and possibly 

in other southern states is feasible. Sunfl ower could be grown 

as an oilseed or biodiesel crop in Mississippi and possibly for 

the health market. Further research is needed to establish the 

best management practices for sunflower in Mississippi and 

to evaluate sunflower in rotation with other field crops in 

the region.
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